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摘  要 
海洋费氏弧菌(Vibrio fischeri)是研究细菌群体感应(quorum-sensing)的模式
菌。细菌以一种密度依赖性的方式，通过释放到环境中的信号分子来进行交流，
进而协调群体行为。lux Box（包含启动子 lux pR 与 lux pL）、luxR、luxI 是其控制
群体感应功能的关键元件。 












通路。首先改造原有生物砖元件，成功得到受控于乳糖启动子 PlacO-1 的 luxR 与
lux pR 组合元件，其次以该元件为模板进行组合易错 PCR 获得成功，并将易错
PCR 得到的目的片段拼接到绿色荧光蛋白基因的上游，通过含有 0.5 nM 外源信
号分子 3OC6HSL 的平板上菌落发光的强弱来筛选突变子。实验结果表明筛选方
法有效，极大减少了突变文库的筛选工作，得到了两个分别位于调节基因 luxR
与启动子 lux pR 上的负向突变子。LuxR 突变子鉴定结果为 328A>G(I110V)、
505T>A(Y169N)、749A>T(N250I)，lux pR 突变子鉴定结果为 7A>G。同时以以










































    Vibrio fischeri is a typical bacterium of quorum-sensing. This bacterium was 
shown to coordinate their behaviour via the secretion of specific signaling molecules 
in a population density-dependent manner. Lux Box, luxR and luxI are the key control 
elements of quorum-sensing mechanism in Vibrio fischeri. 
Our research attempted to decouple quorum-sensing mechanism in Vibrio 
fischeri, construct standard cell-cell communication system, and analyse factors that 
influence communication system on genetic level. Major researches were listed as 
follows:     
    A series of standard programmed cell-death circuits were constructed. These 
circuits were constructed through cloning related genes of quorum-sensing 
mechanism and splicing killer fusion gene lacZɑ-ccdB of different RBS sequences to 
the downstream of promoter lux pR. Preliminary identification toward 
quorum-sensing effect of RBS0.07 cell-death circuit was performed and proved that 
engineered bacteria could communicate with each other in a population 
density-dependent manner. All constructed plasmids were identified to be correct 
through gel electrophoresis and gene sequencing. 
    Directed evolution were carried out within programmed cell-death circuit and 
modified circuits were acquired. Lux pR and luxR combinational biobrick part 
controlled by PlacO-1 were firstly reconstructed from original biobrick vector. 
Error-prone PCR were then carried out based on the reconstructed plasmid and the 
resulting fragment was inserted to the upstream of reporter gene gfp. Librarie of 
mutants were screened through different luminous intensity on plate medium 
containing 0.5 nM of 3OC6HSL. Two negative mutants were obtained and identified 
as mutation at the sites of LuxR(328A>G(I110V)、505T>A(Y169N)、749A>T(N250I)) 
and lux pR(7A>G), respectively. Modified cell-death circuits were constructed based 
on these two mutants, luxI component and killer gene component with RBS0.07. All 
















   In addition, one programmed cell-death circuit was reformed. A self-induced 
quorum-sensing circuit was constructed through introduction of standardized 
wild-type promoter of Vibrio fischeri. The quorum-sensing signaling system could be   
amplified by positive feedback of the circuit itself. All constructed plasmids were 
identified to be correct through gel electrophoresis and gene sequencing. 
 
























第一章 文 献 综 述 
1.1  海洋费氏弧菌(Vibrio fischeri)的生物发光系统 
1.1.1 研究历史 
    长期以来，人们一直认为仅在多细胞生物中存在着细胞与细胞之间的信息交








1983 年 Engebrecht 等人开始海洋费氏弧菌群体感应相关基因的研究[5]，海洋费氏
弧菌从而成为其他相似 QS 系统研究的范例。 
1.1.2 海洋费氏弧菌(Vibrio fischeri)群体感应机理 
Vibrio fischeri 附着于海洋中某些鱼类和乌贼的发光器官内，也可以单独在海
水中生存。当单独生存于海水中时，Vibrio fischeri 不会发光，只有在高细胞密度





动子 lux Box 区域，一方面可以激活下游 luxAB 基因（荧光素酶基因）的表达，
导致弧菌发光，另一方面，又可以上调 AHL 合成基因 luxI 的表达，形成正反馈，
















图1.1  费氏弧菌群体感应系统[9] 
  Fig. 1.1 Quorum-sensing system of Vibrio fischeri[9] 
1.1.3 海洋费氏弧菌(Vibrio fischeri)群体感应相关基因 
海洋费氏弧菌(Vibrio fischeri)的 lux Box 是一段长 218 bp 的 DNA 片段，包含
了 lux pL 与 lux pR 两个不同方向的启动子，分别调控 luxR 基因与 luxI 基因的转
录。lux Box 中含有一段 20 bp 的回文序列 ACCTGTAGGATCGTACAGGT，该序
列受到阻遏蛋白 LexA 的调控[10]，同时也是 LuxR:AHL 二聚体结合的关键部位。
当 LuxR:AHL 二聚体大量存在时，能竞争性结合在 lux Box 上，解除 LexA 蛋白
的阻遏状态，极大增强下游基因的转录[11,12]。 
luxR 是调节基因，其编码蛋白含 250 个氨基酸残基，但其编码序列起始密码
子前方两个密码子的部位同样能作为 LuxR 蛋白的翻译起始位点[13]。LuxR 蛋白
相对分子量 Mr 约为 28 kDa，其多肽链 C 端结构域的 184-230 位残基影响与 lux 
Box 的结合，因而与 LuxR 蛋白激活转录功能紧密相关；而 N 端结构域的 79-127
位残基与信号分子结合有关[14,15]。3OC6HSL:LuxR 二聚体对 lux Box 的结合是特
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